Introduction
The scorpion fly, Panorpa japónica, displays a seasonal color dimorphism by changing from black in spring to yellow in summer in the adult state.
The yellow pigment was identified as sepiapterin, while the black pigment was proved to be melanin (1) . The quantities of these pigments in the integument of the mature fly varied depending upon the color dimorphism of the insect.
Various pteridines, neopterin, biopterin, isoxanthopterin and 7-oxo-biopterin, were also isolated in the adult scorpion fly besides sepiapterin (2) .
The combination of the morphological and biochemical approaches shows that sepiapterin is characteristically located at the pigment granules in the integument of the insect. We report here that the contents of various pteridines and the activities of related enzymes (GTP-cyclohydrolase I, 6-pyruvoyl-tetrahydropterin synthase and sepiapterin reductase) were measured at several stages after emergence of both yellow type fly and black one.
Materials and Methods

Animals
The integument of the scorpion fly containing the body fluid was prepared by the method of Nakagoshi et al. (1) .
Fie oll density gradient
Pigment granules homogenized with 10 mM potassium phosphate buffer (pH 7.0) containing 2.5 mM EDTA and 250 mM sucrose, were centrifuged at 700 χ g and then at 20000 χ g. The precipitate was laid on a linear density gradient with Ficoll concentration from 0 to 25%, followed by centrifugation at 40 000 χ g for 180 min. After fractionation, the sepiapterin content was analyzed by HPLC in each fraction.
Enzyme preparation
The integument was homogenized with 20 vol. of 100 mM Tris-HCl buffer (pH 7.8). After centrifugation, the supernatant was applied to a Sephadex G-25 column developed with 20 mM Tris-HCl buffer (pH 7.8). The void volume eluate was used as preparation of enzymes.
GTP-cyclohydrolase I assay
The reaction mixture containing 100 mM Tris-HCl buffer (pH 7.8), 2 mM GTP and enzyme solution was incubated at 37 °C for 60 min. The enzyme activity was determined by measuring the production of neopterin after iodine oxidation followed by incubation with alkaline phosphatase.
PPH 4 synthase assay
The reaction mixture containing 105 μΜ NH 2 TP, 80 mM MgCl 2 , 100 mM Tris-HCl buffer (pH 7.4) and the enzyme (pre-heated at 80 °C for 2 min) was incubated at 37 °C for 60 min. This assay method was based on the observation that PPH 4 is quantitatively degraded to pterin and pyruvic acid under acidic conditions (3). The enzyme activity was determined by measuring the production of pterin.
SPR assay
The reaction mixture containing 50 μΜ sepiapterin, 100 ΜΜ NADPH, 100 IHM potassium phosphate buffer (pH 6.8) and enzyme solution was incubated at 37 °C for 30 min. The enzyme activity was determined by measuring the production of biopterin after iodine oxidation.
Η PLC analyses
Aliquots of the homogenate were diluted with 6 vol. of ethanol for the determination of pteridines in the integument. An Asahipak GS-320H column was used throughout the work. The mobile phases are: 80 ml/ L CH 3 CN in 5 mM CH 3 COONH 4 (pH 5.0), for sepiapterin; 5 mM CH 3 COONH4, for all other pteridines; 50 ml/L CH3CN in 5 mM CH 3 COONH 4 , for SPR assay. The flow rate was 1 ml/min. Detections were fluorimetry using the wavelengths described by Yoshioka et al. (3) .
Results and Discussion
Morphological studies indicated that sepiapterin was characteristically located at the pigment granules in the epidermal cells of the scorpion fly. Electron microscopic studies revealed that the fine structure of the granules is similar to that of the pterinosomes in the lower vertebrates (4).
After fractionation of the granules by a linear density gradient with Ficoll concentration from 0 to 25%, the main yellow granules isopicnically banded at about 5% Ficoll. HPLC analysis of the sepiapterin content in each fraction showed that the highest peak of sepiapterin levels is consistent with the yellow band at 5% Ficoll. This data indicates that yellow pigment granules in the integument of the scorpion fly are the ptcridine granules containing sepiapterin.
In the present work we investigated the relationship between seasonal color dimorphism and pteridine metabolism in the scorpion fly. The contents of sepiapterin, biopterin, neopterin, 7-oxo-biopterin and isoxanthopterin were compared between the female and male, and between the yellow type fly and the black one. They were also measured at the stage just and 24 h after emergence.
At the stage just after emergence, the means of sepiapterin levels were 43.2 ± 0.5 nmol per individual in the yellow female, 34.1 + 1.9 in the yellow male, 14.0 ± 1.6 in the black female and 5.54 + 0.35 in the black male. The levels were a little bit higher in the females than in the males. The yellow fly showed also higher sepiapterin level at the stage 24 h after emergence than just after emergence. Sepiapterin content in the yellow flies may gradually increase after emergence until they mature. On the other hand, sepiapterin levels in the black flies gradually decreased after emergence.. In every case, there was only a slight difference in amounts of other pteridines except sepiapterin.
GTP-cyclohydrolase I is the first enzyme in the biosynthetic pathway of pteridines from GTP. There was a great difference in this enzyme activity between the black fly and the yellow one. At the stage just after emergence, the mean activities of GTP-cyclohydrolase I were 1.97 ± 0.10 units (nmol/60 min/individual) in the yellow female, 1.67 ± 0.25 in the yellow male, 0.56 + 0.13 in the black female and 0.43 ± 0.05 in the black male. They all decreased gradually after emergence.
Concerning PPH 4 synthase activity at the stage just after emergence, the black fly had half of the activity of the yellow fly. However, there was only a slight difference in the activity between the black fly and the yellow one at the stage 24 h after emergence. SPR activities were almost the same levels ranging from 0.07 to 0.11 units (nmol/30 min/individual) among all types.
Although SPR activities are low in all types of the flies, only a yellow summer-fly accumulates a large amount of sepiapterin. On the other hand, the contents of other pteridines do not vary depending upon the color type.
GTP-cyclohydrolase I activity shows great difference between the yellow and the black scorpion flies. These facts suggest that GTP-cyclohydrolase I is a key enzyme in the relationship between pteridine metabolism and seasonal color dimorphism in the scorpion fly.
